ABSTRACT Chronic hepatitis B virus (HBV) infection is a preventable cause of liver failure, cirrhosis, and liver cancer; estimated chronic HBV infection prevalence is 0.3-0.5% in the USA. Prevalence in New York City (NYC) is likely higher because foreignborn persons, who represent 36% of NYC's population versus 11% nationwide, bear a disproportionate burden of chronic HBV infection. However, because no comprehensive, population-based survey of chronic HBV infection has been conducted in NYC, a reliable prevalence estimate is unavailable. We used two approaches to estimate chronic HBV infection prevalence in NYC: (1) a census-based estimate, combining local and national prevalence data for specific populations, and (2) a surveillance-based estimate, using data from NYC's Department of Health and Mental Hygiene Hepatitis B Surveillance Registry and adjusting for out-migration and deaths. Results from both the census-based estimate and the surveillance-based estimate were similar, with an estimated prevalence of chronic HBV in NYC of 1.2%. This estimate is two to four times the estimated prevalence for the USA as a whole. According to the census-based estimate, 993% of all cases in NYC are among persons who are foreign-born, and approximately half of those are among persons born in China. These findings underscore the importance of local data for tailoring programmatic efforts to specific foreign-born populations in NYC. In particular, Chinese-language programs and health education materials are critical. Reliable estimates are important for policymakers in local jurisdictions to better understand their own population's needs and can help target primary care services, prevention materials, and education.
INTRODUCTION
Chronic hepatitis B virus (HBV) infection is a preventable cause of liver failure, cirrhosis, and liver cancer; estimated chronic HBV infection prevalence is 0.3-0.5% nationwide. 1 Prevalence in New York City (NYC) is likely higher because foreignborn persons, who represent 36% of NYC's population versus 11% nationwide, have a higher prevalence of chronic HBV infection. 1, 3 An understanding of the prevalence of chronic HBV in NYC is necessary for effective public health efforts. However, because no comprehensive, population-based survey of chronic HBV infection has been conducted in NYC, the prevalence is unknown.
The NYC Health Code requires healthcare providers and laboratories to report hepatitis B cases to the NYC Department of Health and Mental Hygiene (DOHMH). However, surveillance data cannot be used directly to measure prevalence for multiple reasons. First, persons who have been reported to the system might have died or moved away from NYC since the time of their last report; these cases are counted in the surveillance database but do not contribute to current prevalence. Second, persons with chronic HBV infection might be asymptomatic 4, 5 and, therefore, never tested or diagnosed. Consequently, they will not have been reported to the surveillance system.
The only population group in NYC that is mandated to be universally screened for HBV is pregnant women; by New York State law, all pregnant women in NYC and throughout the state are to be tested for hepatitis B surface antigen (HBsAg), the serologic marker of chronic hepatitis B infection, as part of routine prenatal care or at the time of delivery. Hepatitis B-positive pregnant and postpartum women are reported to the NYC DOHMH, Bureau of Immunization, Perinatal Hepatitis B Prevention Program. This program compiles this case report data along with additional demographic data that are collected from patient interview and medical chart reviews. It can be used to calculate hepatitis B prevalence; however, these data only reflect prevalence among pregnant women, who are not representative of the population at large.
We used two approaches to estimate the prevalence of chronic HBV infection in NYC: (1) a surveillance-based estimate, adjusting for out-migration and deaths, and (2) a census-based estimate, combining local and national prevalence data for specific population subgroups.
METHODS

Method 1: Surveillance-Based Prevalence Estimate
The NYC Health Code requires healthcare providers and laboratories to report hepatitis B cases to the DOHMH, including positive results for: HBV surface antigen, HBV e antigen, and HBV nucleic acid test. Providers and laboratories report cases to the health department electronically, by fax, or by mail. 6 All persons reported to the NYC DOHMH chronic HBV surveillance system during January 1, 1999-December 31, 2008, were included in an initial surveillance dataset. This dataset had previously been de-duplicated by using an automated probabilistic patient de-duplication algorithm, QualityStage® (International Business Machines, Corporation, Armonk, NY, USA). For each person, only the most recent report was retained in the dataset. Because a person who had been reported to the surveillance system might have died or migrated out of NYC since the time of last report, we adjusted for both death and out-migration. Additionally, we adjusted for duplicate records that were not identified by the automated de-duplication algorithm.
Adjusting for Death
To identify persons in the chronic HBV surveillance database who had died in NYC between the date of the last report through December 31, 2007, we matched records from the surveillance database to death certificate records from the NYC DOHMH Bureau of Vital Statistics. An automated algorithm, developed using SAS® 9.1 (SAS Institute, Cary, NC, USA), evaluated key patient identifiers from each dataset (e.g., name, date of birth, and address). Each potential match was assigned a score based on the number of identical and similar variables; higher scores reflected stronger matches. A threshold was determined by examining a sample of potential matches; potential matches with scores above the threshold were considered to be matches, and potential matches below the threshold were manually reviewed by two independent human reviewers to decide if they were matches. Ties were broken by a third reviewer.
Adjusting for Out-Migration from NYC For each person in the surveillance database, we estimated the probability that that person had moved out of NYC between the date of last report and December 31, 2007 ( Table 1 ). The yearly proportion of NYC residents who had moved out of NYC was estimated from the US Internal Revenue Service (IRS) annual tax return data. 7 For each year from 2004 to 2007, the probability that a person had moved away from NYC (out-migration) was calculated directly from IRS data. Data for each year during 1999-2003 were unavailable; for those years, the probability that a person had moved away from NYC was assumed to be the average of the probability of out-migration during each of the years 2004-2007. Cases in the surveillance dataset that did not match to a NYC death certificate were stratified by the year of last report and multiplied by the probability that the person had moved from NYC since the year of last report. On the basis of these In cases where the year of last report was after December 31, 2007, the probability that that person was in NYC on December 31, 2007, was considered to be 1 a The probability that a person was still in NYC in 2008 was calculated by multiplying the year-specific probabilities for each year since the person was last reported to the surveillance database. These probabilities, (Table 1) .
Adjusting for Duplicates in the HBV Surveillance Database
To estimate the number of duplicate records in the HBV surveillance database after the automated de-duplication process, we calculated the proportion of death certificates that matched to two or more records in the surveillance dataset.
Method 2: Census-Based Prevalence Estimate NYC's population, as estimated from the 2008 US Census Bureau's American Community Survey, was stratified into mutually exclusive groups, according to demographic factors relevant to chronic HBV infection risk. These groups were US-born non-institutionalized, foreign-born non-institutionalized, institutionalized in correctional facilities, and institutionalized not in correctional facilities. The foreign-born, non-institutionalized population was further stratified by country of birth.
For each group, we estimated the total population size in 2008 and reviewed local public health program data to identify the best source of chronic hepatitis B prevalence data; where local data were unavailable, estimates were drawn from national data. The best identified prevalence measure for each group was then multiplied by the 2008 population estimate for that group to generate an estimated number of persons in that group with chronic HBV in 2008. Estimated case counts were summed over all groups and divided by the total 2008 NYC population count to generate the final NYC prevalence estimate.
Estimating 2008 Population Size for Each Group
The total 2008 population of NYC was drawn from the 2008 American Community Survey. 8 The proportion of the population in each group, including country of birth for those born outside the USA, was drawn from the 2000 US decennial census. 9, 10 For each group, we multiplied the proportion represented by that group in the 2000 Census by the total NYC population from the 2008 American Community Survey.
Estimating Chronic HBV Prevalence for Each Group
US-Born Non-Institutionalized Population For the US-born non-institutionalized population, we used the same estimated prevalence that had been used previously in a national estimate for the USA; 1 this estimate was derived from the National Health and Nutrition Survey.
Foreign-Born Non-Institutionalized Population For the foreign-born non-institutionalized population, prevalence estimates were drawn from NYC DOHMH's Perinatal Hepatitis B Prevention Program (PHBPP) for births to NYC residents during 1995-2006. For each specific country of origin, a country-specific prevalence estimate was calculated as the number of chronic HBV-positive cases identified among women born in country X who gave birth in NYC, divided by the total number of births in NYC to women born in country X during the same period. The 95% confidence interval (CI) for each country-specific prevalence estimate was calculated using the normal approximation method of the binomial CI. PHBPP data reflect the prevalence among women who gave birth in NYC. The prevalence of chronic HBV has been observed to be consistently higher among men than women, with a prevalence ratio ranging from 1.4 to 2.3; 3,11,12 therefore, we adjusted the prevalence estimate to account for the sex disparity, conservatively assuming a prevalence ratio of 1.5 between men and women.
For each country i, P i -sex-adjusted is the sex-adjusted prevalence, as follows:
where, for each country i, m i is the measured prevalence of HBV among women born in that country who gave birth in NYC during 1995-2006, and R is the estimated ratio of HBV among males compared with females. The lower and upper bounds of the 95% CI for each country-specific prevalence estimate were similarly adjusted in order to determine low and high estimates. R was assumed to be 1.5 for all countries.
For each country, we calculated the expected case count by multiplying the country-specific prevalence by size of the population of NYC residents who were born in that country; low and high estimates of expected case counts were similarly calculated using low and high country-specific prevalence estimates. These countryspecific counts were then summed over all countries and divided by the total population size of NYC's foreign-born population to derive a prevalence estimate, as follows:
P foreign-born is the estimated prevalence among the foreign-born,
where, C is the number of foreign-born persons residing in NYC, and n is the number of distinct countries of birth represented. For each country i→n, p i is the measured country-specific prevalence, and c i is the number of NYC residents who were born in that country. Low and high prevalence estimates for NYC's foreignborn population were similarly calculated by summing country-specific low and high counts, respectively, over all countries and dividing by the total population size of NYC's foreign-born population.
Institutionalized Population in Correctional Facilities
For the correctional population, the HBV prevalence measure was drawn from a 2006 serosurvey at the main jail in NYC, which was conducted by NYC DOHMH as part of a larger survey that included human immunodeficiency virus and hepatitis C testing (Farah Parvez, personal communication, 2008). 13 The 95% CI was calculated using the normal approximation method of the binomial CI.
Other Institutionalized Population The other institutionalized population includes persons under the care or supervision of trained staff and classified as "patients" or "inmates" in juvenile institutions, nursing homes, and hospitals for the chronically ill. Because no data sources exist for this population, the prevalence was estimated to be the mean estimated prevalence of the other groups combined (non-institutionalized US-and foreign-born and the institutionalized population in correctional facilities). To determine the sensitivity of our final estimate to this assumption, we conducted a sensitivity analysis, varying the prevalence for this population from that of the lowest prevalence group (US-born, non-institutionalized), to that of the highest prevalence group (institutionalized population in correctional facilities).
Calculating the Full NYC Census-Based Prevalence Estimate
Group-specific prevalence figures were multiplied by the estimated population size for that group to generate an estimated number of persons with chronic HBV infection. These case counts were then summed across all groups and divided by the total 2008 NYC estimated population to estimate the HBV prevalence for the full population of NYC in 2008. To calculate low and high prevalence estimates for the full population of NYC in 2008, low and high case counts, respectively, for each group were summed and divided by the total 2008 NYC estimated population.
RESULTS
Surveillance-Based Estimate
A total of 126,418 unique persons were reported to the NYC DOHMH chronic HBV surveillance system during January 1, 1999-December 31, 2008, as determined by the automated de-duplication algorithm. Of these, 4,436 (3.5%) matched to an NYC death certificate with a date of death on or before December 31, 2007, leaving 121,982 persons. Additionally, this match revealed that among the 4,436 matching death certificates, 415 (9.4%) matched with two or more records in the surveillance dataset.
Of 121,982 remaining persons, we used IRS data to estimate that 12,815 had outmigrated from NYC since the time that they were last reported to the chronic HBV surveillance system, leaving an estimated 109,167 still living in NYC as of January 1, 2008. The estimate was reduced by 9.4% (10,262), which was the estimated number of duplicate records in the database after the automated de-duplication algorithm. This left 98,905 cases; this number was divided by the 2008 population estimate for NYC to generate a final estimated prevalence of diagnosed chronic hepatitis B in NYC of 1.2%.
Census-Based HBV Prevalence Estimate
The census-based estimate for the prevalence of chronic hepatitis B in NYC was 1.2% (range, 1.1-1.4%). Among foreign-born NYC residents, the census-based prevalence estimate was 3.2% (range 2.9-3.4%). NYC residents born in China accounted for 55% of all estimated NYC cases (Figure 1 ). Prevalence for other population groups ranged from 0.1% among the US-born non-institutionalized population to 4.3% among the correctional population (Table 2) .
A sensitivity analysis of the impact of the assumption that the prevalence among the other institutionalized population was the mean prevalence of all other groups combined demonstrated that the impact of this assumption was minimal. Varying the prevalence for this group from 0.1% to 4.3% resulted in final estimates for the prevalence of chronic HBV in NYC of 1.2-1.3%.
DISCUSSION
We estimated the prevalence of chronic HBV in NYC to be 1.2% by using two independent methods: a census-based method and a surveillance-based method. Our estimate was two to four times the estimated prevalence in the USA overall, where the prevalence has been estimated to be 0.3-0.5%. 1 The true prevalence of chronic HBV in NYC might be higher than these estimates indicate. The surveillance-based method, based on NYC DOHMH's chronic HBV surveillance data, captures only those cases reported to the health department; it does not capture cases among persons who have never been tested or who were tested but not reported in NYC. The number of cases among persons who have never been tested is unknown, but likely substantial. A cross-sectional study of hepatitis B among Asian-Americans in California reported that half to two thirds of chronically infected adults were not aware of their infection. 12 If a similar number of chronically infected persons in NYC remain undiagnosed, the surveillance-based approach indicates the true prevalence of chronic HBV in NYC might be ≥2.4%. By contrast, we might have underestimated the number of persons with reported chronic HBV infection who migrated out of NYC. County-to-county migration data from the IRS only captures migration among those who file yearly federal tax returns. This might not accurately represent migration among NYC residents with hepatitis B, many of whom are recent immigrants, and might therefore be more mobile and more likely to move out of NYC in a given year. Those who are not required to file federal income tax returns (e.g., the poor and older persons) are underrepresented in this data source.
14 In addition, those who are required but do not file federal income tax returns will not be represented in this data source. The surveillance-based approach cannot be used to estimate the distribution of country of birth because the reporting source of surveillance data is mainly from laboratories that do not receive and therefore cannot report patient country of birth data.
The census-based estimate is not limited by biases in testing or reporting because it relies upon prevalence estimates generated through universal screening among specific populations or stratified random samples. However, the populations that were screened (e.g., pregnant women) might not accurately reflect the population in The prevalence among NYC residents institutionalized in other group living quarters was estimated as the mean prevalence of other groups combined NYC. Our adjustment for differences in the prevalence by sex among the foreignborn might have limitations; for example, the prevalence ratio between men and women might differ in different countries, and the prevalence ratios we identified in the literature might not reflect the true prevalence ratio among NYC's foreign-born. Reliance on PHBPP data to estimate chronic HBV prevalence among the foreign-born population also meant that we did not capture differences in prevalence among foreignborn persons who are younger or older than reproductive age; prevalence among these groups is likely different from that observed among the reproductive-age population. Additionally, PHBPP does not reflect prevalence among all reproductive-age women. Differences in risk might exist between women who become pregnant and those who do not become pregnant, or differences might exist in HBV prevalence between pregnant women who choose to give birth versus those who terminate their pregnancy before they have prenatal care and are tested for hepatitis B. was substantially higher or lower in some groups than it was during 1995-2006, it is possible that this would result in a higher or lower estimate of the overall prevalence in 2008. However, we have no information that suggests that this is the case. Finally, certain populations with a higher chronic HBV prevalence are not accounted for in our approach (e.g., men who have sex with men who might be disproportionately infected with HBV). 15 An advantage of the census-based estimate is that it allowed us to estimate HBV prevalence among different population groups and therefore understand how to most effectively distribute resources. According to this approach, 993% of all cases in NYC are among persons who are foreign-born; of these, 950% are among persons born in China. This finding underscores the need to prioritize programmatic efforts tailored to specific foreign-born populations in NYC; Chinese-language programs and health-education materials are especially critical. Recent evidence suggests that prevalence of chronic HBV infection declined in the USA between 1988-2004 and 1999-2008 among younger age groups, likely resulting from the introduction of an effective vaccine against HBV and routine vaccination of infants beginning in the early 1990s. 16 Because 993% of chronic HBV cases in NYC are among persons born outside of the USA, these trends are unlikely to have a substantial impact on the prevalence of HBV in NYC.
Such estimates as these, which are based primarily on local data, are important for policymakers in local jurisdictions to better understand the patterns of disease in their area. This knowledge provides information on which to base decisions about which population groups need to be prioritized in the delivery of primary care services and development of prevention programs and educational materials. With these data, local jurisdictions are able to prioritize and request support for programs that serve the language and cultural needs of those specific foreign-born populations who are disproportionately affected. For example, local data provide jurisdictions justification to request support for (1) programs that work directly with the infected population, (2) programs having the bilingual staff who are also sensitive to cultural concerns, (3) health education programs that are able to develop culturally appropriate health-education materials in languages other than English, and (4) media programs that are able to produce translated and culturally appropriate public service announcements.
The surveillance-based estimate also demonstrates the utility of chronic hepatitis B surveillance. Although surveillance for chronic hepatitis can be resource-intensive because of the vast number of reports, de-duplication challenges, and the need to make adjustments to the data to estimate prevalence, such estimates are important for developing disease control programs at the local level. This study demonstrates that with adjustment, surveillance data can provide reliable estimates of local prevalence. National estimates do not always help local jurisdictions with planning, especially in the case of such diseases as hepatitis B for which the prevalence is highly influenced by immigration; local prevalence might differ substantially from national prevalence. Additionally, surveillance systems allow for in-depth investigation of a sample to better understand the clinical and epidemiologic characteristics of the disease among the local population; such an investigation is under way in NYC. Finally, surveillance datasets can be valuable in investigating outbreaks of hepatitis B that have occurred with increasing frequency in health care settings 17 by providing data on which patients have been reported with chronic hepatitis B previously. This analysis demonstrates that approximately 100,000 persons, a prevalence of 1.2%, have chronic hepatitis B infection in NYC. Increased support is needed to strengthen surveillance systems, both locally and nationally, and improve treatment and prevention programs that can reach affected immigrant communities effectively.
